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LIQUIDLESS SEAL CONNECTION 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of priority from U.S. Provisional Application entitled 
"Liquidless Seal Connection", filed April 10, 2003, Application Serial No. 60/461,968, the 
disclosure of which is incorporated by reference. 

FIELD OF THE INVENTION 

The description relates in general to electronic instrument connections, and in particular 
to digital gauges for sensing characteristics of a process media. 

BACKGROUND OF THE INVENTION 

Pressure gauges to measure the pressure of process media are well known. A sensor for a 
gauge is conveniently located inside the gauge and, in some cases, is in communication with the 
process media through a narrow passageway in the gauge stem. Various process media are 
damaging to gauges, and the process media may become clogged in the passageway between the 
process and the gauge sensor. As a result, seals are sometimes used to isolate the process media 
from the gauge system. The seal is filled with a fill media which is typically glycerin, silicone, 
or other liquid to transmit the process pressure to the gauge. The disadvantage of this seal 
approach with any gauge seal assembly, is that the fill media in the seal will expand or contract 
with temperature changes. This results in errors in the gauge pressure reading. 

Existing products attempt to minimize the effects of temperature changes, by minimizing 
the volume of fill fluid and also by using fill fluids with low thermal expansion. 

SUMMARY OF THE INVENTION 

An improved design over conventional digital pressure gauges with a diaphragm seal 
connection. The improved design results in more accurate pressure measurements than the 
current diaphragm seal approach, and eliminates the risk of liquid leaks. One embodiment of the 
invention is directed toward sanitary seal connections or where a low measuring range or high 
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accuracy is required. Embodiments can include digital pressure gauges, pressure transducers, 
and transmitters with any seal connection, and other variations. 

The design may be seal-diaphragmless. For example, the embodiment does not have a 
separate seal diaphragm covering the gauge sensor. Pressures are therefore measured directly 

5 and more accurately. 

Another embodiment does not require a fill liquid to transmit pressure changes of the 
process media to the pressure sensor. Providing a seal devoid of fill media between the sensor 
and the process media eliminates the errors due to expansion and contraction of the fill liquid 
caused by temperature changes. The potential for a leak of fill liquid is also eliminated. 
10 In one general aspect, a diagnostic instrument for measuring a parameter of process 

media of a process may include a seal connection. The seal connection may include a base 
diaphragmlessly-sealed to the process and a body extending from the base to a distal end spaced 
apart from the base. A sensor may be located at the base to sense the process media parameter 
and transmit a signal indicative of the sensed parameter. A diagnostic-output device may be 
is positioned at the distal end apart from the sensor and adapted to receive the signal indicative of 
the sensed parameter. The body preferably defines a cavity and the cavity is devoid of media 
fill. The diagnostic-output device is, in one embodiment, a pressure gauge responsive to 
electrical signals and the signal indicative of the sensed parameter is an electrical signal. 

In another general aspect, a process instrument may be used to measure the pressure of 
20 process media in a process. The instrument may include a pressure gauge stem, a pressure 
sensor, and a pressure gauge. The pressure gauge stem may include a proximal end for 
connecting to a process and a body extending from the proximal end to a distal end. The 
pressure sensor may be located at the proximal end to sense pressure of the process media and 
transmit a pressure signal indicative of the sensed pressure of the process media. The pressure 
25 gauge may be positioned at the distal end of the pressure gauge stem apart from the pressure 
sensor and may be adapted to receive the pressure signal. 

In another general aspect, pressure may be measured in a process media by positioning a 
pressure gauge at a distal end of a gauge stem and positioning a pressure sensor at a proximal 
end of the gauge stem. The pressure sensor may be spaced apart from the pressure gauge, and 
30 the gauge stem may be connected to a process such that the pressure sensor is in operable 
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communication with the process media. A pressure signal may be transmitted from the pressure 
sensor via transmission conduits to the pressure gauge. 

Pressure of a process media may also be measured by positioning a pressure gauge apart 
from the process media and positioning a pressure sensor in operable communication with the 
process media to sense pressure changes of the process media. The pressure sensor may be 
positioned apart from the pressure gauge, and a pressure signal based on the sensed pressure may 
be transmitted from the pressure sensor to the pressure gauge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. 1 illustrates a conventional digital pressure gauge with a gauge stem. 
Fig. 2 illustrates a conventional pressure gauge with a diaphragm seal. 
Fig. 3 illustrates a digital pressure gauge with the sensor positioned at the base of the seal. 
Fig. 4 illustrates a seal connection with the sensor removed to illustrate a pocket for 
receiving the sensor. 

Fig. 5 illustrates a digital pressure gauge with the sensor positioned at the base of the 

stem 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT 

Figs. 1 and 2 illustrate a conventional pressure instrument 10 comprising a digital 
pressure gauge 12. The illustrated embodiments in Figs. 3 and 5 are digital pressure gauges that 
represent improvements over pressure gauges that include a passageway in the gauge stem 
through which process media communicates with the gauge sensor, such as shown in Fig. 1, and 
pressure gauges with a diaphragm seal connection, such as shown in Fig. 2. 

With reference to Fig. 1, in a typical digital pressure gauge 12, a stem 14 projects from 
the pressure gauge 12. The stem 14 may be used to connect the pressure gauge 12 to a process 
using, for example, a threaded portion (not shown) at the distal portion 16 of the stem 14. A 
passageway 18 extends from the base 17 of the stem 14 to a sensor 20 inside the pressure gauge 
12. When the pressure gauge 12 is connected to a process, process media fills the passageway 
18 and exerts pressure on the sensor 20. A disadvantage of this design is that the process media 
may become clogged in the passageway 18. 
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To overcome this disadvantage, some existing products combine a digital pressure gauge 
with a standard liquid filled diaphragm seal. In these existing products both the diaphragm and 
the fill liquid add a significant amount of measurement error. In addition, the fill liquid can 
potentially leak. 

With reference to Fig. 2, in a typical diaphragm seal application, a thin, flexible 
diaphragm 22 is installed such that it makes contact with the process media 24. When the 
diaphragm 22 flexes in response to the pressure of the process media, the diaphragm 22 transmits 
the pressure to the seal fill media contained in the passageway 18 of the gauge stem 14, in a 
passageway 26 of a seal connection 28, and in a cavity 29 between the diaphragm 22 and the seal 
connection passageway 26. The fill media in turn transmits pressure to the sensor 20. There are 
three distinct disadvantages of this design: (1) errors due to the diaphragm; (2) errors due to 
media expansion; and (3) leakage of media fill. 

There are two measurement problems associated with the diaphragm. The modulus of 
elasticity of the diaphragm typically changes over large temperature ranges. The change results 
in the diaphragm being less responsive at cold temperatures. Thus the device is not as sensitive 
to pressure changes at cold temperatures. Another measurement error related to the physical 
properties of the diaphragm is that a stiff diaphragm does a poor job of transmitting low 
pressures. Thus, such a device will not be sensitive at low pressure ranges. 

Measurement errors are also related to thermal expansion of the fill fluid. All fill fluids 
expand as ambient temperature increases. This causes a false change in pressure measured by 
the gauge. The amount of error depends on the temperature change, type of fill fluid, and the 
specific seal configuration. Where the pressure being measured is low (less than 15 psi) the error 
can be significant as a percent of the total gauge reading. Thus, when pressure measurements are 
needed in a low range over a large temperature range, the measurement errors resulting from the 
diaphragm couple with the measurement errors resulting from thermal expansion of the fill fluid. 
Therefore, accurate measurements over low pressure ranges are particular difficult to achieve 
with conventional devices. 

Leakage is the third major disadvantage with conventional devices. Depending on their 
designs, most standard diaphragm seals can potentially leak fill fluid. This leakage can lead to a 
degradation of response. Another leakage problem is the fluid escaping into the environment in 
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which the device is located. Depending on the environment and the fill media, this escape can 
range from simple annoyance to severe impact and, in some cases, injury to personnel. 

Fig. 3 illustrates a process instrument 30 for measuring pressure of process media in a 
process. The instrument 30 comprises a seal connection 32 comprising a base 34 sealed to the 
process and a body 36 extending from the base 34 to a distal end 38 spaced apart from the base 
34. A pressure sensor 40 is located at the base 34 to sense pressure of the process media and 
transmit a pressure signal indicative of the sensed pressure of the process media. A pressure 
gauge 42 is positioned at the distal end 38 of the seal connection 32 apart from the pressure 
sensor 40 and adapted to receive the pressure signal. 

A transmission conduit 44 connects the pressure sensor 40 to the pressure gauge 42, 
wherein the pressure signal is transmitted via the transmission conduit 44 to the pressure gauge 
42. The body 36 of the seal connection 32 defines a cavity 46 and the transmission conduit 44 is 
located in the cavity 46. The cavity 46 is devoid of media fill. In the illustrated embodiment of 
instrument 30, the pressure signal is an electrical signal and the transmission conduit comprises 
one or more wires 48. Other structure, for example, optical structure, can be used to transmit the 
pressure signal, or other diagnostic signal, to the gauge. 

The pressure sensor 40 is relocated from the pressure gauge 42 to the base 34 of the seal 
connection 32, and takes the place of the seal diaphragm 22. The sensor 40 is welded into a 
pocket 50 (see Fig. 4) in the base 34 of the seal connection 32, and the measurement is 
transmitted to the gauge via wires 48 through the seal connection 32 into the gauge 42. The 
interface to the process is still a flush surface, but no fill media or diaphragm is required, 
therefore all three disadvantages above are eliminated. 

One embodiment is directed toward a sanitary seal, as these applications typically require 
a flush interface between the instrument 30 and the process, but do not necessarily require the 
need to remove the gauge 42 from the seal 32. This flush interface eliminates pockets that could 
become clogged with the process media or would be difficult to clean. Aspects of the invention 
may also be implemented in cases where a sanitary seal is not required. Other types of seals or 
unsealed connections may also be used. Implementations of the invention may be used in place 
of any application of a digital pressure gauge with a diaphragm seal connection, or any 
transducer or transmitter requiring a diaphragm seal connection. Although the figures depict 
implementations in which the output of a sensor 40 is attached to a digital pressure gauge, the 
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invention may also be implemented by attaching the output of the sensor 40 to a transducer or 
transmitter (e.g., via wires 48). 

For some applications, the base 34 is flush-sealed to the process to form an interface 
comprising a flush surface 52, and the interface is seal-diaphragmless (i.e., the seal is made 
without use of a diaphragm). The base 34 may comprise a pocket 50 in which the sensor 40 is 
secured. Fig. 4 illustrates a seal connection 32' better illustrating the pocket 50. The sensor 40 
may comprise a sensor diaphragm 41 regardless of whether the seal diaphragm 22 is present. 

Another embodiment is directed toward a process instrument for measuring pressure of a 
process media of a process. The instrument comprises a base 32 sealed to the process; and a 
body 36 extending from the base 34 to a distal end 38 spaced apart from the base 34. The body 
36 defines a cavity 46 devoid of media fill. A pressure sensor 40 is located at the base 34 to 
sense pressure of the process media and transmit a signal indicative of the sensed pressure. A 
pressure gauge 42 is positioned at the distal end 38 apart from the pressure sensor 40 and 
responsive to the signal indicative of the sensed pressure. 

One or more wires 48 may connect the pressure gauge 42 and the pressure sensor 40, and 
the signal indicative of the pressure of the process media is transmitted to the pressure gauge 42 
via the one or more wires 48. The pressure sensor 40 may be placed in direct contact with the 
process media, and the base 34 and the pressure sensor 40 can be flush-sealed to the process. At 
least for sanitary applications, the base 34 and the pressure sensor 40 are preferably sufficiently 
flush-sealed (see Fig. 3) to eliminate substantially all clog-susceptible pockets. 

Fig. 5 illustrates an alternative embodiment of a process instrument 30 for measuring 
pressure of process media in a process. The instrument includes a pressure gauge 42 attached to 
a distal end of a gauge stem 54. A pressure sensor 40 is located at a stem base 56 at a proximal 
end 58 of the gauge stem 54. The pressure sensor 40 senses pressure of the process media and 
transmits a pressure signal indicative of the sensed pressure to the pressure gauge 42. 

A transmission conduit 60 connects the pressure sensor 40 to the pressure gauge 42, 
wherein the pressure signal is transmitted via the transmission conduit 44 to the pressure gauge 
42. The gauge stem 54 defines a cavity 62 and the transmission conduit 44 is located in the 
cavity 62. The cavity 62 is devoid of media fill. In the illustrated embodiment of instrument 30, 
the pressure signal is an electrical signal and the transmission conduit comprises one or more 


U.S. Patent Application 
Attorney Docket No. 15826-189001/11-03-06 

wires 48. Other structure, for example, optical structure, can be used to transmit the pressure 
signal, or other diagnostic signal, to the gauge. 

The pressure sensor 40 is relocated from the pressure gauge 42 to the stem base 56 of the 
gauge stem 54. The sensor 40 may be welded into a pocket in the stem base 56 similar to the 
pocket 50 in the base 34 of the seal connection 32, as shown in Fig. 4. The measurement is 
transmitted to the pressure gauge 42 via wires 48 through the gauge stem 54 into the pressure 
gauge 42. The pressure sensor 40 may be flush or substantially flush with the stem base 56 and, 
depending on how the instrument connects to process, the interface to the process may be a flush 
surface, but no fill media or diaphragm is required. 

One possible embodiment is directed toward an application in which it is desirable to 
install the pressure gauge 42 in a standard pipe connection or other type of connection and to be 
able to remove the gauge 42 from a standard pipe connection or other type of connection. The 
sensor 40 may comprise a sensor diaphragm 41 . 

One or more wires 48 may connect the pressure gauge 42 and the pressure sensor 40, and 
the signal indicative of the pressure of the process media is transmitted to the pressure gauge 42 
via the one or more wires 48. The pressure sensor 40 may be placed in direct contact with the 
process media, and the stem base 56 and the pressure sensor 40 can be flush-sealed to the 
process. 

In at least most applications, a critical factor impacting which uses are appropriate for a 
given diagnostic instrument, for example a pressure gauge, is the pressure range and accuracy 
required of the measurement. In applications where the pressure range is low (typically less than 
15 psi), the inherent error in a standard (conventional) diaphragm seal is excessive compared to 
the range of the measurement. Embodiments of the invention are particularly advantageous in 
these low-range applications. Embodiments of the invention are also advantageous where high 
accuracy is required of a seal connection at any pressure range. Some embodiments are 
advantageous, as compared to conventional gauges, over both low pressure ranges and high 
pressure ranges across broad temperature ranges. 

One method is directed toward measuring pressure of a process media of a process. The 
method comprises positioning a pressure gauge apart from the process media; and positioning a 
pressure sensor in operable communication with the process media to sense pressure changes of 
the process media. The pressure sensor is positioned apart (e.g., remotely) from the pressure 
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gauge. A pressure signal based on the sensed pressure is transmitted from the pressure sensor to 
the pressure gauge. The method may include sealing a base of a seal connection to the process. 
The pressure gauge can be positioned at a distal end of the seal connection, and the pressure 
sensor can be positioned at a base of the seal connection. Preferably, a fill-media-free 
environment is maintained between the pressure sensor and the pressure gauge. 

While particular embodiments and applications of the present invention have been 
illustrated and described, it is to be understood that the invention is not limited to the precise 
construction and compositions disclosed herein and that various modifications, changes, and 
variations may be apparent from the foregoing descriptions without departing from the invention 
as defined in the appended claims. 
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